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‘ Portfolio Risk = Weights + Individual Risks + Dependence Structure
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aggregation KU covariance matrix [33]
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THunu exact portfolio return lun1snsrananse backtest J

6.4 NANDULNUAIAKUIYVDINDSA

bhae

= (e )"

970 linearity of expectation

E(R,) = Ew'R) =w'p

v o

naillifpsanuAindunsnd Judaseraiu g expectation Wudandunsi@adu selsfnim
aun1shuguifieny widudwdndidvueliamivieduimidnfideadinieldfeyanldmuin win
wndndudulsduituiunaneuuuluvnifeatu faedasigi conditional expectation wag Ay

v '
' ° o o a

YNUNNUNAURNAAD UL NULALAL

s
=
(=) TN
all
ee

Expected Portfolio Return

f10819 6.1. 9

,LLA:8% /“LB:14%

1 9H

Ay e nfasRde AVIADAFENSLATEDR UNINYNFUTITUFAERNS



unil 6: NaGIE]‘ULLVIULLGSF]’J’]SJLEEN‘UGQWE]%GIﬂ’]‘éaﬂ‘iq‘u 175

w, = 0.60 wg = 0.40

awla

11, = 0.60(0.08) + 0.40(0.14) = 0.104 = 10.4%

SR expected return §elaifedld covariance uan13AIUIN portfolio risk S1Tufesld

6.4.1 Scenario Representation
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Inegnsiiidu population-style scenario covariance e p, \Huaruinasidufidnuals lddmns
m — 1 wuu sample covariance

gﬂLLUUﬁ‘ﬁUiﬂa“UﬁLﬁa expected returns e dependence structure 419710 economic scenarios
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6.5 Covariance Matrix wazA21uLUsUIIUVDINDSH

% = var(R) = E [(R— p)(R— )]
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We o;,0; > 0 covariance wag correlation WWaUNUAE
Zij = Pij0;0;

Jauealadn covariance matrix ST “VUINANURUEIL” wae “Aanenisiadeulmsiudu’ Tiluing

NIAMAANERSIRYINU

NQEfUN 6.2

dusuiudnnesa w

2 — Var(R

o, p) =w'Yw

n3elUFUHATIY

= " iww Cov(R;, R;)

=1 j=

v a

Ay e nfasRde AVIPEIRFNERSLALEDR UNINLFUSIIUAEARS



unil 6: NﬁﬁlE]‘ULWI‘L!LL&SF”I'J’]SJLEEI\?‘UG\?WE]i‘(flﬂ’]ia\i‘iqu 177

figad. AN

Rp_#p :WT(R_H)

var(R,) = £ [(Rp — Hp)2]
=EW (R—p)(R—p)"w|
=wE[R—p)(R—p)T]w

=w'Yw

6.5.1 Lwﬂ,ﬂ Covariance Matrix fiaatllu Positive Semidefinite

nQufuN 6.3

Covariance matrix 1Ju symmetric positive semidefinite nNanAe
T
X =X
wazdmiunn a € R™
a'Ya>0

Agay. AVLANLIATANIN

COV(Ri7 RJ) - COV(Rj, RZ)
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a'Ya= Var(aTR) >0
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Natiddryn1e variance 04 portfolio 1n 9 Fedlilfinau uenanil sample covariance matrix #
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6.6 WaINABIRUNSNELAZUNUINVBY Correlation
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fp = wity + (1 —w)py

Y

Two-Asset Portfolio Variance

= w’of + (1 —w)?03 + 2w(l — w)p,0,09
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02 = 0.6%(0.12)* + 0.4%(0.20)* + 2(0.6)(0.4)(0.25)(0.12)(0.20)

on = 0.014464

bbale

7, ~ 12.03%

Yuzil weighted average volatility Wiy

0.6(12%) + 0.4(20%) = 15.2%

AMULANAN9EINe 15.2% fu 12.03% wananaves covariance i diversification

d113U long-only two-asset portfolio Wawas correlation Winldlnenssann
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6.6.1 N3l Correlation winnu 1
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d1m3U long-only weights
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6.6.2 ns8d Correlation winnu 0
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WAy
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A expected return Wiy
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2 _ 22 2 .2 2 .2
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P
Frwannudutouas notation waziugiuues optimization Tuundaly

f1a819 6.3. 19

w = (0.40,0.35,0.25)T

p = (0.08,0.12,0.10)7

ey
0.0100 0.0036 —0.0014
=1 0.0036 0.0324 0.00756
—0.0014 0.00756 0.0196
agle
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012, =w'Xw = 0.008845
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0, ~ 9.405%

910 diagonal ve3 X agld 07 = 10%, 05 = 18% uaz 03 = 14% vauz# correlations 9
donndsiuAayszana 0.20, —0.10 wag 0.30 dwsun (1,2), (1,3) waz (2, 3) susdu faegns
URauaneliiiuinaifl covariance Anaudiewnans risk aggregation Unvd Widunindnn iy el
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6.7.1  IUIUNI51TLAIVDY Covariance Matrix

covariance matrix VasEUNINE N 5181158 variance N AN Wag covariance N lgniu

n(n—1)
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o

NTayandnfin
galundniu mn sample covariance Muundaya T' ¥anasinaiade rank vasuningazlyl
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Inensssia portfolio optimization AB91ABNITLATZUUANNIIUID inverse Y84 covariance matrix way

'
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L‘Uumﬁc\lawummaﬂﬂi shrinkage %58 factor structure Tunwesaffidunswdanuiuuin

6.8 Diversification: nalnnisaginAnans

6.8.1 Naive Diversification

Naive diversification @9 concentration sgn15nsEeRulUFuNSNgIwIun 35denazervan

idiosyncratic exposure uslailald covariance structure lngnss
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1afly portfolio volatility Taenialy szl cross-covariance terms

6.8.2 Covariance-Aware Diversification

WUIAM mean-variance 983 Markowitz 14 expected returns, variances Wag covariances wiosfiu [33]
Aadunesnnflidunsnddunutlesnineradl diversification AAnawesaaualng wndunsndlunese

= q' !
3N dependence structure MWNNZEUNIN

6.8.3 Equal-Weight/Common-Correlation Model

auuRdunIng n 5990158 volatility Wiy o correlation sewinavnaAWIiY p Way

awla

1
o2 = = [no? + n(n —1)po?]

1—
:0’2 |:p_|_—p:|

nQufun 6.4

nuld equal-weight/common-correlation model

1—
0'12720'2 (p—i——p)
n

{ﬁpZOmﬁ"
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movement §3rsay winsinudliasgnuengluunu systematic risk vae factor model lngdnlus

Uszhuifaesz s

dw3u equicorrelation matrix vua 7 [WeulvAwnsadidu PSD fe

<p<l1
n—l_p_

asduliausaiivun common correlation Anaua1asi wu p = —0.20 uardes n — 0o

Ingdsfiadn covariance matrix gnesdmiunn n

6.9 Marginal Risk wag Risk Contribution
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Marginal Contribution to Risk

M .= —
RC; = 5,

v component contribution to risk tHu

Ip

Ine Euler decomposition Tv

NOBYUN 6.5

o, >0
Z RC; =0,
i=1
J
gl
Yo wi(Ew);  w Yw
RC - L = —

[]

Percentage risk contribution fig

Y51
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Y o

UVDEILNA

thwinduasuuasiminenudsaiuauasiuin Funiwgiisl capital weight #e19a3na risk
contribution g4 ¥ volatility g3 covariance fudiuduvemesngs

wonanil MRC;, RC; v PRC; anunsofnauld snnduning i funumidu hedge was
Y7ean volatility vaswesa A1 risk contribution AnaudalsiliauRanalanepdnaans uades

Annusiuiuiasesmungvestihutnuas covariance structure @ M RC; Wunansznuiany

Mnnsilasuy w; nteslaedsldlavadu budget constraint T weights Suiasun

6.10 International Diversification e Currency Risk

dmsudaaulnefitedunindanvszma W R, -, WunaneuumidunindluanaiusinsUsene uaz
W R, Junaneuuuvesanaiuausymeiieutuum tnelealianfunefadusaussmeuda
ANRBRUUM

HWaRBULLNUANAUINLUY exact o

Foreign Asset Return in Domestic Currency

1+ RTHB = (1 + Rasset,FX)(l + RFX)

Ry = Rasset,FX + Ry + Rasset,FxRFx

ANTUNANDULIUIUIALEN
RTHB ~ Rasset,FX + RFX
v gy a o a a  a o P o o &
014 log returns wagflonusnuaniuasulufiFinediu aglanudunusuuy exact

Trie = Tasset,rx T Trx

= aal Ay vy A v v s o ' ! Y o v
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Funsndlunesauuulaennu simple return g
F94ud1 international diversification ®19an dependence ¥WingMaM YU WA LY currency
v s I a = a . v v
exposure [ tunasn 113 hedge AiUINUREY covariance structure varanauunuiigamulngla
Fuass
Uszinufidaeseds

fosrmuaiiAnwesdnsanildeulidn winllew FX quote ludiangduiu in3swneves Ry,
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6.11 n15Uszunad Mean Vector wayg Covariance Matrix mn%’agaa‘%a

Triinanauwnunankuyiunsaiu 7' 9290a1 dmsu n dunsng

R, = (Ry,...,R,)T t=1,.T

sample mean vector 9

uaz sample covariance matrix fig

Sample Covariance Matrix

o w (5%

14 i uag X Yuriu sampling frequency Wag estimation window aghailiuddsy nslideyasetu
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v
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Iduudunaunduuslisie microstructure wag asynchronous trading 1NUu vauzidveyasieiiou

an noise UNEIUUATITIWINELNAToEas Feldfianudbeinunsanduyningussasd

13 annualize volatility My v/ K way covariance ¢y K ilungfionduaunfgiuiinanauunu

'
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Pu923l3dl serial covariance MdltiadnAy wnil autocorrelation %38 overlapping returns N5 scaling
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LUUSI819ARALARDULALAIST 1Y long-horizon variance #1921 autocovariance terms

6.11.1 Data Alignment

NoUUTZU covariance ADINTINDYNUDY
1. Wiundunadedaiunnduning
. 1 adjusted prices %3® total-return data #idgieu corporate actions anuingUsasd

. i forward-fill snndufunlaifinisdevelagliiarsuwane volatility wag correlation

2

3

4. 14 return frequency e

5. #1599 missing values Wag asynchronous trading
6

. #1599 outliers 1 Tumnn1salna1n3wm3e data error

Usziuiaeeszds

Pairwise deletion 813%1lW covariance usiarAgnUszanaaInNAuag sample period kagiuning

fUszneutuenalididu PSD wil covariance matrix Meguifondu PSD

6.12  Estimation Risk a2 Covariance Shrinkage

Sample covariance tu estimator ladldAm1Anuaseinsuudueu We n Saualugdewieuiv T
estimation noise @w15avilA portfolio optimization lasiedeyasgeun uliwmingazidu PSD e
adinenans uanenadl eigenvalues dnunway condition number g1 vilyinadwsa1n optimizer WWasy

A v ~ 2 v
EuLLiQﬁnﬂﬂ’ﬁLUaﬂumai&aLWENLa NUBY

WUIAA shrinkage @319 estimator

Linear Covariance Shrinkage

S, =1—-NS+AF  0<A<1

e F 0u structured target 19 diagonal covariance 38 constant-correlation target [30] dau
A muAw trade-off seninedeyatu sample Aulassasaiadiosndt Tunisussgndlialsdon A wies

A v o & a ' v fa aa A ad a % o o '3 . . .
L‘WE]IMNﬁﬁWﬁQLﬁEJ‘U LLfﬂﬂ"]{[ﬂjLﬂm‘ﬂL%Qaﬂmﬁﬁa?ﬁﬂi%mqmmﬂaﬂﬂaaﬂﬂuqmqﬂﬁgﬁﬂﬂmaﬂ risk estimation
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NQEUN 6.6

13 way FifuPsDuay 0 < A < 1 ud1 3 vfiu PSD

igay. dmiunn a

aTika =(1-— A)aTia + Xa' Fa

Nagpanavlifinau J9la

aT/Z\Aa >0

Shrinkage lildas1adayalvy wigeauiiia bias unsduLNawaniy variance v84 estimator fian

a9 1munefeAuLEde T4 risk estimate Wag downstream portfolio weights

6.13  Correlation Stress Testing

Correlation liinsinuiian Ingianizluyiingn dependence seninesdumsndidssenagadu 39350539

nesanauauedelsyin correlation structure Wagy

3B stress wuudIga1aNINUA candidate correlation matrix

(Crstress — (1 o n)C + 7’]11T

ne

0<n<1

Faeu pairwise correlations W1lna 1 vaug? diagonal dspaindiu 1

dusu stress construction i mn C' 1u correlation matrix gndesar 0 < 1 < 1 ui O
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azfadu PSD ws1z1du convex combination w83 PSD matrices C' waz 117 3uuds stress 15w

global consistency 489 correlation matrix laani1n154fid correlation ﬁas@LLuuﬁaiz

o1 D = diag(oq,...,0,)

Estress — DCstressD

LAANWIEY

= V! Ylstressyy

g

p,stress

UsauNfeeszd

Stress matrix ABHU validity checks 1 symmetry, unit diagonal @145U correlation matrix

war PSD liasusu correlation flazalnedasyudauuiinusndfiladulu corelation matrix

6.14 Diversification Ratio

wasianiafivasuen weighted standalone volatility ®8n91n portfolio volatility e diversification

ratio

unileny 6.2

#1m3U long-only portfolio

970 triangle inequality Y83 standard deviation

o, < E w;0;
i

We w,; > 0 3sla
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DR >1

A DR qa-ﬁuasﬁaudwmsim covariance #1l¥ portfolio volatility sn31 weighted standalone
volatility 3nniu usilailduonin expected return gediuvioiwesnimng aufign vnduningyn i
Lﬂﬁaulmiauﬁ’ua&mauyﬁﬂuﬁﬂLﬁmﬁ’uwiﬁ DR = 1 dwe DR > 1 azviau diversification
benefit meld metric 4 ﬁ&ﬁﬁmuﬁma’nmmsﬁqmﬁ’u long-only portfolio isnziiled short positions

frAwonaliazyiou standalone risk aggregation TuanumunaLfgIiu

6.15 nIANY19IUIY: Correlation wazn1sadranasnanvannsne
SET50

Witayakiattilerd waganuy Anwividnniwdlu SET50 9w 41 viannsnd e lddoya e fuluti 4

1ATIAN 2017 69 30 Sunau 2021 wazld correlation, beta WwiaAn modern portfolio theory tag

[

afi LAy short selling iefnwinisinandnnsnduaznagnsinisau [68]

NMUTREgN1sUszEnd: unSeunwauiuunil

HaN1sANwIAINaTlRnAlug e Bt 1lIUsEdnYUeLwIANTT dependence structure kg
Aon1sasanesn winansdnauanningluiasteyadinaadu historical empirical finding Taila
Auugihnsamulagiu

danmsinldlgsefansyuiunis

aligned returns — correlation/covariance estimation

— portfolio construction — out-of-sample evaluation

wnnihmstihsedeananninglueinlulilnunse

6.16 21 Risk Aggregation g Portfolio Optimization

& ° ' A o v s . | A &
UNUABUAINTINLT WHDNTUURN W, L haS Y ua? wesndl expected return wag risk LVHSLG] na1IA LY

Uymuy “forward evaluation” 911 inputs lUgnaidnuaizvematn
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uninlwdsuiaaesdywidu “inverse design” Ao Buandnuaung MuNaRDULNLLAE ALLEDS

Wi utnfidennassnustnnun ety

undnluidsudiauesguudu

ien w
melaeuly wu
1Tw=1
wialit
w! Sw

PRI target return wiseLievIwesauL efficient frontier

e ~

Inputs Risk Aggregation Optimization Efficient Frontier
% Hps Op choose w portfolio choice

L J

JUT 6.2: und 6 i Aduasnuainnisussananudesiugnguiinesauaz optimization

o
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6.17 Data Lineage 8¢ Model Validation

M157991 6.1: Checklist @m3U Portfolio Risk Model

¢ ¥ o e a a '
29AUIENBU ABIVUNN AIMUNANAIAVINUUDY
Price data source, adjusted/ unadjusted, corporate actions A return Rn
currency
Calendar common dates, holidays, time asynchronous observations

Return definition

Frequency

Missing data

Mean estimate

Covariance

Correlation stress
Currency

Validation

zones

simple/log, total/price return

daily/weekly/monthly
deletion/imputation rule
forecast

window, estimator,

source

sample/shrinkage/factor estima-
tor

scenario Wag PSD check

FX quote ey hedge assumption
rolling window / holdout / stress

test

14 log return 1Ju exact portfolio
return

annualization ld@enmass
covariance W#aY @JI 1% sample
AUAYYA

historical mean gn W 0u ex-
pected return laglduseifiu un-
certainty

near-singular %39 unstable ma-
trix

U%’Uﬁas@j%u matrix invalid
\w3aaine FX return fn

Uszidiu uay vadeu Ul Joya In

WYV

Minimum Validation Set

nouds 1 waz X W1 optimizer misnsiaaEsion
1. ¥ = 3T aelu numerical tolerance

2. diagonal entries laifinau

singularity dloasld optimization

3. eigenvalues liAnauiiu tolerance N1o3uUNla Wa¥MII9 condition number %38 near-
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4. portfolio variance 31n matrix formula m537U direct calculation Tu test cases 51919
A579%ULI1 daily, monthly %39 annualized @onAaDIiu
5. waansliGeueg19gulsiaInnisiden estimation window antiee

6. WU correlation Wag volatility stress scenarios MNgITB4

6.18 Investment Lab: Portfolio Risk Engine

Investment Lab: Excel: mniﬁﬂ’fl‘dfg]' Covariance Matrix

WondunsSnges1atios 5 S18n15kayas1e workbook 7idl

adjusted price data N9ATuUNTIAU

—_

simple-return matrix
mean vector
covariance matrix
correlation matrix
equal-weight portfolio

portfolio variance Wag volatility

® N o u kB WD

risk contribution UBausiAZAUNITNG

9. correlation stress scenario
naapufinduIuAunInell equal-weight portfolio wéhadnansaw n fu o, wieuedureiwad
Winiinanduiudunsndvie dependence structure wazlUssuiisuegativeaestienan wu
normal period fiU stress period Lﬁ'aaﬁ'ﬂ diversification benefit Waguiile correlation regime

Wasunsely

J

Investment Lab: Python: Portfolio Risk Functions

ahwseuulugalvilitaiduetdey

- portfolio_return(w, mu)
« portfolio_variance(w, cov)
« portfolio_sd(w, cov)

« cov_from_corr(vol, corr)

Ay e wfeshLie AVIAMAAIEASLAYADR UNINYISLTITUAERNS
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correlation case, PSD test, shrinkage PSD preservation L& Euler risk decomposition
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is_psd(cov)

linear shrinkage(sample, target, lambda)
risk contributions(w, cov)
diversification ratio(w, cov)

stress_correlation(corr, eta)

6.19

74

Y931NAYBINTDU Mean-Variance

v . . < o w . INY o W
Wil variance—covariance framework 1JUs1ng UERAYUDY portfolio theory unNTDINA

1. variance Ujjifsie upside uaz downside deviations uuuaus1ng Idhiwenaruiusuigamu

¥8UeaN31N downside risk NEAUANA

2. expected returns LWag covariances é’fadﬂismmmﬂ‘fﬁayjaﬁaLLUUﬁwaadLLazﬁ estimation error

3. dependence 819 nonlinear il tail dependence wazlUduunu regime @3 covariance LiNgdLL

vndiignenvaulaliasy

N ok

sample correlation Tugisun@enalaagyiou crisis dependence
transaction costs, taxes, liquidity wag market impact gslaiogluaunisnugiu
short-sale Way leverage constraints LUAeU feasible set

multi-period investing & rebalancing uag path dependence i one-period modeliﬁﬂiaUﬂqu

YI9UUA

Jadnnmuanillilavinlet mean—-variance framework MuAUSElEYY WAMAUAVBUIANITAAINU WAL

Juussgelaliimwuuudiaesiiauysaliuluussly

unaguvingun

unflafeasniuananudesnedunindludanuidesvesnesn lnananauwnu simple return veq

NosantarrandunasId LU
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T
Rp =w R
wag expected return Av
T
f, =Wt
YL NANULETINTLATIAS 9N EDa
0']% =w'Yw

¥ v

v
LY

Feguiuviamin variance SeEUNING way covariance s¥MIYNg

Diversification benefit Linan dependence structure ldlgdnuudunswdiissegrasion Tu equal-

weight/common-correlation model

1—
0123:02 <p—|——p>
n

FILANIINPNULELNAIUNLANIN common co-movement L lUilgamnsziiusuIuaunsne

Risk contribution Hieugnumasfiunwes portfolio volatility Ing

bbE1®

Z RC; =0,

TuiBsUsydng covariance matrix foegnuesiduaiszanaiiill estimation risk 3369m539 data
alignment, PSD, rank/conditioning, stability W stress scenarios 5317981314 shrinkage toLiNAL

= a4 o a v sl A A v o o
LF0Yq Ifﬂﬁ]LQWWSLN@‘\]W‘U’JU?IUVI?WEJQJ‘UU']@IMQJ]LNE]LV]EJ‘UﬂUﬁ]']u’]‘LIﬁQLﬂfﬂ

A oA~ Q[ v 1 o Yo A A e & s o s '
bR U LAY pM 1®§Uﬂ’]§(§]i'§"ﬂa'€]ULLa'ﬂ “U‘V]mlﬂﬁ]ﬂ‘*UmLLUiLMmuLWE]ﬂﬂHWmiLaE]ﬂu']“VIUﬂWE]WlEJFJN

Wuszuuneldnseu Markowitz
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AANIIEARY
« Portfolio weight « Diversification
+ Fully invested « Naive diversification
« Long-only « Common correlation
+ Short position « Marginal contribution to risk
 Gross exposure « Risk contribution
« Net exposure + Diversification ratio
« Portfolio return « International diversification
« Expected return « Currency risk
« Variance « Sample covariance
+ Covariance « Covariance shrinkage
« Correlation « Correlation stress
« Covariance matrix « Estimation risk

« Positive semidefinite

=% -V v
LUUNNRANIEUN

1. wesndduniwe 4 18015 Yadn 200,000, 300,000, 250,000 Wag 250,000 UM FninNe s
wazas1adouly fully invested
2. Wasw long-short fuwmiin (1.2,0.5, —0.7)T 9% net exposure WAL gross exposure

3. figaud simple return vosweianilsaanaiiiiu wi R sldmindune

4. pniegradsiiauiiuansin weishted average ve9 log returns Talwiiu exact log return ves
nosH

5. Ww=1(0.3,0.4,0.3)T uaz u = (0.06,0.10,0.14) T 291 expected portfolio return
6. Ngarlgns 012) =w'Ew

7 ﬁqmﬁdﬁ covariance matrix 10u symmetric PSD

8. wosmaesdunindil oy = 10%, oy = 18%, wy = 0.55 waz p = 0.30 .m0,

9. Miteyaludonouduim o, Tmlidle p = 1,0, —1 uaghnnuna
10. ﬂqaﬁﬁmﬁﬂ zero-variance portfolio e p=—1
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15.

16.
17.

18.
19.
20.
21.

22.
23.

24.

25.
26.
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dwdunesnauuning awens w! Yw 10u scalar formula

covariance matrix 183AuNING 20 T sEimTineidaseie

ﬁgﬁ]‘ﬁ equal-weight/common-correlation variance formula

a%mmmwaﬁ equicorrelation matrix si93il p > —1/(n — 1)

wosail w = (0.4,0.35,0.25)7 uagld covariance matrix a1nsheganesaanudunsnddia
A1 9AIU MRC, RC way PRC

g1l Euler risk decomposition Y. RC; = 0,

Aunsndadsmmealinanauuny 8% luanaiusiosiu uazanaduduudddoum 4% e
exact THB return wag first-order approximation

a5UNgIvilu pairwise deletion 812%11W covariance matrix laitdu PSD

ﬁgﬁ]ﬁiﬂ convex combination 483 PSD matrices §aiu PSD wazifieunariu covariance shrinkage
9NLUU correlation stress test dmsunasn 5 FuninguazeSune validity checks figaavh
\W3suifleu naive diversification iU covariance-aware diversification lnga31aseesiinesn 5
Funnddanandewinnimesa 20 Funind

a%mmmwaﬁ sample covariance matrix liiA3sgnaadn optimizer Inglyivi stability analysis
figatiin sample covariance matrix AfUINAN return matrix gaLeIfudy PSD wageBurein
vy pairwise deletion Ssenaviangaudin

enflduning n = 120 yens wilideyasiedeuiies T = 60 LWeou 2105u18 rank limitation
294 sample covariance matrix kaznanan13vin portfolio optimization

uamsitlunsdl long-only two-asset portfolio § doa /D5 > 0 uazinnudenisasu
wanId1 exact log return ¥@9 fully-invested one-period portfolio fe Log(zi w;e™) uay

Wiguwieuiu D w,r; mefediadiiay

ANDIUBIUAR

—_

B

FrunBunindlunesadumnsin diversification Adisle
winla correlation seninsdunsndiuinaeulugivings uasiinasenasnogials
fnAUNSNEN expected return gausias risk contribution genn AIsaRUmnLENeVIe LY

vy v ) A . 9 ) s a Py v o a
nslideyadounds 5 YieUszana covariance dmiuneainludn 1 Ythamhiauufgiuwlseyls
g

Tunsadranesnseninalszne n1s hedge ARuenatinaudssluusnsallavieolyl
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6. LWJGLG] portfolio optimization 39 o713l sie expected-return estimates 11171 covariance

estimates

Yy a v =
LBNE1TDIDINYUNN 6
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